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ABSTRACT 


Metamaterials are artificial materials with properties well beyond what 
offered by nature, providing unprecedented opportunities to tailor and enhance 
the interaction between waves with materials. In this talk, I discuss our recent 
research activity in electromagnetics, nano-optics, acoustics and mechanics, 
showing how suitably tailored meta-atoms and arrangements of them open 
exciting venues to manipulate and control waves in unprecedented ways. I will 
discuss our recent theoretical and experimental results, including metamaterials 
for scattering suppression, nanostructures and metasurfaces to control wave 
propagation and radiation, large nonreciprocity without magnetism, giant 
nonlinearities in properly tailored metamaterials, and parity-time symmetric 
meta-atoms and metasurfaces. Physical insights into these exotic phenomena, 
new devices based on these concepts, and their impact on technology will be 
discussed during the talk. 


Keywords: metamaterials, metasurfaces, spatio-temporal modulation, gain, 
nonlinearities. 
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META-MATERIALS: BEYOND NATURE WITH ARTIFICIAL MATERIALS 
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WAVE-FRONT ENGINEERING OVER А SURFACE 
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METAMATERIALS PROMISES 
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METAMATERIALS: CHALLENGES, AND DIRECTIONS FORWARD 


e Passive, often affected by losses 

* [ime-invariance, lack of reconfigurability 
e Linear, or weakly nonlinear 

e Limited by symmetry constraints 





e Hybrid metasurfaces 

e Multi-physics responses 

e Active, time-varying, time-modulated 
e Opto-mechanical interactions 
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ENABLING LARGE NONLINEAR EFFECTS AT THE NANOSCALE 
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GIANT NONLINEARITY OVER A METASURFACE 
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PUSHING THE NONLINEAR RESPONSE 
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FLATLAND NONLINEAR OPTICS 
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FLATLAND NONLINEAR OPTICS 
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RADIATED FIELDS 
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EXPERIMENTAL RESULTS 
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FUNDAMENTAL SYMMETRY CONSTRAINTS 
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LORENTZ RECIPROCITY AND IIME-REVERSAL SYMMETRY 

















Reciprocity: symmetry in transmission for opposite propagation directions 
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NON-RECIPROCITY WITH MAGNETIC MATERIALS 
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ANGULAR-MOMENTUM BIASING: A ZEEMAN META-MOLECULE 
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AN ACOUSTIC CIRCULATOR 
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MOLDING THE TOPOLOGY OF THE BAND DIAGRAM 


Lattice Unit Cell 
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TOPOLOGICAL METAMATERIALS 
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TOPOLOGICAL METAMATERIALS 
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ANGULAR-MOMENTUM-BIAS IN NANOPHOTONICS 
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RF MAGNET-LESS INTEGRATED CIRCULATOR 
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FLOQUET TOPOLOGICAL INSULATORS FOR LIGHT 
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CONTINUOUS BANDWIDTH OF ISOLATION 
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NON-RECIPROCAL EMITTERS 
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NON-RECIPROCAL METASURFACES BASED ON SI MODULATION 








^ Light cone . 


о + ол 


f [GHz] 




















-Л/2 0 л/2 
Bl 




















eu UC.) 





28 o METAMATERIALS & PLASMONICS 
RESEARCH LABORATORY 





NON-RECIPROCAL METASURFACES BASED ON SI MODULATION 
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NON-RECIPROCAL METASURFACES BASED ON SI MODULATION 














Y. Hadad, J. C. Soric, and A. Alu, PNAS 113, 33471 (2016) 





UT ¥ E E. 3 | A. Alü -From Cloaking to One-Way Mirrors: Molding Light with Metamaterials 





ff METAMATERIALS & PLASMONICS 
= RESEARCH LABORATORY 


NON-RECIPROCITY BASED ON NON-LINEAR EFFECTS 
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BASIC OPERATION — SINGLE RESONANCE 
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TRADE-OFF BETWEEN FIELD ASYMMETRY & INSERTION LOSS 
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NUMERICAL VALIDATION 
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COUPLED-MODE ANALYSIS 
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TRANSMISSION BOUNDS - CHI-3 
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OPTIMAL METASURFACE BASED ON SINGLE RESONANCE 
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NONLINEARITY-INDUCED TOPOLOGICAL TRANSITIONS 
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NONLINEARITY-INDUCED TOPOLOGICAL TRANSITIONS 
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NON-RECIPROCITY IN STATICS 
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UT ¥ EC | A. Alü -From Cloaking to One-Way Mirrors: Molding Light with Metamaterials 41 


Isolation (dB) 
о 


| 
№ 
о 





№ 


_1 0 1 
Input Force Fo (N) 


-1 0 1 
Input Force Fo (N) 





= 0 1 
Input Force Fo (N) 


|. METAMATERIALS & PLASMONICS 
= RESEARCH LABORATORY 











NON-RECIPROCITY IN STATIC TOPOLOGICAL METAMATERIALS 
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PASSIVITY BOUNDS ON CLOAKING 
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STABILITY OF PI-SYMMETRIC CLOAKS 
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A CLOAKED ACOUSTIC SENSOR: PI-SYMMETRY 
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LOSS-FREE NEGATIVE REFRACTION 
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NEGATIVE REFRACTION AND FOCUSING 
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